A cross-sectional epidem ological investigation was conducted in Nsukka senatorial zone of Nigeria to evaluate the use of specific clinical signs/symptoms in the assessment of the endemicity, prevalence and morbidity of Loa loa infection in areas meso-endemic for onchocerciasis, and to evaluate the results in respect of the probability of occurrence of adverse react ons, post-treatment with ivermectin in areas presumed to be hypo-, meso-, and hyper endemic for Loa loa infection and morbidity. Standard questionnaire based on the key clinical manifes ations of loias s were administered and the mic ofilaraemic levels of respondents determined at both community and individual levels. The results showed that the clinica symptoms/signs were known in all the study communities. 
INTRODUCTION
The filarial eye worm Loa loa, the aetiologic agent of human loiasis is well known for sometimes migrating across the conjunctiva of the eye, and its association with the transient oedema known as fugitive or Calabar swelling. The parasite which is transmitted to humans through the bite of females of the various species of the tabanid flies of genus Chrysops is known to occur in the forested areas stretching from west to central Africa including Benin Republic, Nigeria, Cameroon, Equatorial Guinea, Gabon, Central Africa Republic, Congo Democratic Republic, Republic of Congo and Sudan. For long, loiasis has been regarded as a benign form of filariasis and consequently has been little studied (Gordon et al., 1950; Kershaw, 1951) . The current resurgence of interest in L. loa and its associated morbidity has been attributed to a number of factors including firstly, the disease being one of the primary causes ( after malaria and respiratory infections) of medical consultation in endemic areas (Pinder, 1988) . Secondly, it has been found that the filaricidal drug, ivermectin (Mectizan ® ), administered as a single dose brings about dramatic decrease in the microfilaraemia load and an improvement in some clinical signs related to the disease. (Carme et al., 1991; Hovette et al., 1994; Gardon et al., 1997b) . Thirdly, in some areas where loiasis and onchocerciasis are coendemic, community-directed treatment of onchocerciasis with ivermectin (CDTI) and hence onchocerciasis control, had virtually come to a standstill because of the risk of severe adverse reactions. The reactions occur in individuals heavily infected with Loa loa and include potentially degenerative effects in the brain (Gardon et al., 1997a; Twum-Danso, 2003) . Systemic infections affecting other organs such as the heart and kidney have also been reported (Carme et al., 1991; Chippaux et al., 1996; Gardon et al., 1997a; Boussinesq et al., 1998) . The third factor becomes very poignant in view of the on-going ivermectin distribution programme against onchocerciasis in some African countries including many in areas where L. loa is co-endemic with Onchocerca volvulus infection.
Available data indicate that such areas at risk of ivermectin-induced severe adverse reactions appear to be restricted to the forested parts of Cross River, Abia, Imo, and Delta States of Nigeria. Also in Nigeria, the most loiasis-affected areas are south of latitudes 6º N, that is, the area around the Niger delta and between the delta and the boundary between Nigeria and Cameroon. At Sapelle, Kershaw (1955) recorded 22.2 % loiasis prevalence in the population while Duke and Moore (1961) reported reduced loiasis prevalence of 12.9% in the same area. Udonsi (1986) and Arene and Atu (1986) studied the endemicity of loiasis in the eastern parts of the Niger delta. In the south-eastern part of Nigeria, Emeribe and Chuks-Ejezie (1989) found a prevalence of 1.3% among blood donors in Calabar municipality. In the south-west of Nigeria, epidemiological studies were conducted by Akinboye and Ogunrinade (1987) and earlier by Ogunba (1977) . North of latitude 8º N, Ufomadu et al. (1991) conducted loiasis surveys in Plateau State while Akogun (1992) examined villagers in the then Gongola State where a 0.9% prevalence was recorded. Enugu State has been reported to be mesoendemic for onchocerciasis in areas potentially endemic for L loa (Nwaorgu et al., 1994; Ivoke 2004 ). While it is not feasible to determine the intensity of loiasis infection for all individuals living in areas targeted for ivermetin treatment which may also be co-endemic for L. loa, Noireau et al. (1990) had suggested the usefulness of specific clinical manifestations to assess L. loa at the individual and community levels. An epidemiologic method that can be used to rapidly assess communities at risk of developing severe adverse reactions post-ivermectin treatment for onchocerciasis due to co-infection with L. loa was substantiated and validated in a WHO/TDR (2001) multi-country study using both parasitological and questionnaire methods.
The main objective of this study was to conduct a cross-sectional survey of the distribution of L. loa infection and disease at Nsukka area in order to identify communities where large scale distribution of ivermectin for onchocerciasis control should be programmed to incorporate careful monitoring of individuals to prevent the possible risk of occurrence of L. loa-induced post ivermectin treatment adverse reaction. Secondly, the study aimed also at investigating the relationship between the parasitological prevalence and the rapid assessment indices based on the clinical manifestations of L. loa morbidity. The implications of the study to the ongoing onchocerciasis control program were also discussed.
MATERIALS AND METHODS
The Study Area: The study area consists of twenty (20) randomly selected communities from Nsukka, Udenu, Igbo Eze North, Igbo Eze South, Uzo Uwani, Igbo Etiti and Isi Uzo Local Government Areas (LGAs) all within Nsukka senatorial zone of Enugu State , Nigeria . The area lies between latitudes 6º 40' N to 7º 00' N and longitudes 7º 00' E to 7º 32' E with an estimated total population of 125,245 based on the 1991 Nigeria national population census figures and a WHO annual population growth projection of 2 ½ % . The entire study area is ecologically homogenous with the vegetation consisting of the guineasavannah mosaic type with its characteristic grasstopped hills and dry valleys. For much of the year, the area experiences high temperatures (25ºC-30ºC) with two distinct seasons; -a rainy season of 7 months from April to October and a shorter dry season of 5 months from November to March. The annual precipitation is between 1200-3000 mm. Rivers are few but they are natural springs which serve as all-season sources of water. Subsistence agriculture and trading are the dominant occupations of the inhabitants with potatoes, yam, rice, maize, cassava, bananas, palm oil, groundnuts, pepper, citrus fruits, as the major crops (Ofomata, 1979) .
Study Population and Data Collection:
Administrative clearance was obtained in advance of the survey from the various local government administration offices. Health officials at the local government levels were also contacted and briefed on the objectives and expected outcome of the study.
Preliminary visits were made to the study communities to inform the villagers about the rationale of the study and to obtain their collective consent, and for the community leaders to mobilize their respective respondents before the arrival of the study group. Also during the preliminary trips, the community-level questionnaire eliciting information on the knowledge and local names of L. loa infection were administered to the village heads.
Based on reports of a pilot assessment of potentially L. loa endemic areas, 20 study communities were randomly selected in the zones earmarked for inclusion in ivermectin treatment campaigns for onchocerciasis. Assessment of the L. Loa endemicity at community level was done by the use of standardized questionnaire (based on the clinical signs of loiasis). For individual questionnaires, 80 individuals were randomly selected from each of 20 communities thus providing a sample size of 1600. Households were randomly selected and in each selected household all individuals aged ≥ 15 years and who had been resident in the community for at least 5 years, and who consented to participate, were included in the study. Individuals aged ≥ 15 years were selected because the initial reports of severe adverse reaction occurred in persons aged > 15 years (Boussinesq et al., 1998) .
Interview of eligible individuals in each household was conducted after explaining the objectives of the study and obtaining informed consent. Respondents were interviewed one at a time to ensure confidentiality and to avoid influencing the responses of other members of the household. The questions administered sequentially to each respondent are as follows:
a. Have you ever experienced or noticed worms moving along the white part of your eye? b. Have you ever had the condition in this picture? ( interviewee is guided to recognize a photograph of L. loa across the conjunctiva) c. Have you ever experienced swellings under the skin that change position or disappear? d. For how long did the swelling last?
Parasitological Examination: After informed consent, each respondent interviewed underwent a parasitological examination to determine the prevalence and intensity of L. loa infection. Blood samples (50 ml) were collected from each respondent by the nurses allocated to us by the senior medical officers in-charge of the general hospitals at Nsukka and Ogrute. Blood samples were obtained by the finger-prick method as described previously (Ivoke, 2000) . The blood obtained between 1000 h and 1600 h was used to determine the intensity of microfilaraemia by preparing thick blood smear on an area (1.5 cm × 2.5 cm) of a grease-free glass slide. The smear was dried, dehaemoglobinized, using tap water for 5-10 minutes, dried again, fixed with methyl alcohol (1 minute), stained in Giemsa buffered with 8% phosphate (pH 7.2 ) and allowed to dry. The L. loa microfilariae were identified at ×40 magnification using the method of Ash and Orihel (1997) . Counting the microfilariae was carried out using the technique of Denham et al. (1971) Data Analysis: All data derived from the questionnaires and parasitological procedures were entered and analysed. Logistic regression analysis was performed to assess the most reliable reported symptoms/signs for predicting individual L. loa infection at 95 % confidence interval and to evaluate the association between L. loa infection and the best performing reported symptom. The prevalence of loiasis based on the questionnaires and parasitological methods were determined and their relationships evaluated. The intensity of mf was expressed as number of microfilariae per millilitre (mf/ml) of blood on individual level. At the community level the intensity of L. loa infection was expressed as mean microfilariae per millilitre (mf/ml) of blood. Based on the prevalence of microfilariae in the study group aged ≥ 15 years the study population was subsequently categorized according to the following age classes: 15 ─ 19, 20 ─ 29, 30 ─ 39, 40 ─ 49, 50 ─ 59 and ≥ 60.
The study communities were further classified, as follows into 3 endemic levels, as a proxy for transmission intensity; low endemicity (≤ 25 % mf prevalence), moderate endemicity (25 ─ 34.9% mf prevalence), and high endemicity (≥ 35 % mf prevalence). Diagnostic performance of the questionnaires for identifying at-risk communities for adverse reaction post-ivermectin treatment for onchocerciasis was obtained by calculating the sensitivity, specificity, and predictive values including 95% confidence intervals. A threshold of 40 % prevalence of L. loa infection and 20 % microfilaraemia were used based on WHO/TDR (2001) recommendations.
RESULTS
A total of 20 communities were surveyed and 1600 respondents consisting of 785 (49.1 %) males and 815 (50.9 %) females were interviewed using Loa loa endemicity/morbidity assessment indices. L. loa (eye worm) was well known in all the study communities and had similar local terms in the linguistically homogeneous study area. The terminology for L. loa as used in all the study localities was descriptive of the appearance of the parasite across the conjunctiva, hence the local term "ari anya" meaning "worm of the eye".
Based on the questionnaire indices, 352 (22.0%) respondents of the study population (n=1600) positively indicated having experienced either history of the eye worm and/or the transient oedema (Calabar swelling) ( Table 1) . The betweencommunity median age of the interviewees varied considerably from 24 to 36 years while the intracommunity age also varied widely from 20-38 years in Abbi community to 15-56 years in Orba (Table 1) . The overall between-community prevalence range was 17.5-27.5% while the overall median L. loa infection prevalence was 21.9%.
Specifically 248 (15.5%) respondents composed of 149 (9.3%) males and 99 (6.2%) females indicated having experienced the eye worm (confirmed by showing the interviewee a black and white photograph of the parasite across the conjunctiva). Only 104 (6.5%) of total respondents composed of 62(3.9%) males and 42(2.6%) females indicated having experienced Calabar swelling. Between-sex difference was not statistically significant (p>0.05). Most of the study communities had no local terms for Calabar swelling and the most commonly cited location for the swelling was, in sequence, upper extremities, lower extremities, the whole body. Calabar swelling appears less specific for the perception of L. loa infection and morbidity than the reported history of the eye worm. The age and sex distribution of L. loa microfilaraemia among the study population in the different communities is shown in Table 2 . An overall microfilaraemia of 19.5% involving 312 microfilaraemia-positive respondents (203 males and 109 females) was established. The community median microfilaraemia prevalence of 19.4% was also recorded. The community microfilaraemia prevalence varied considerably (range 15.0-26.3%). The lowest prevalence was recorded for Nsukka urban and Opi where 12(15.0%) of respondents from each of the localities tested microfilaraemic. Further away from the urban setting, the prevalence of the microfilaraemia appeared to be much higher, ranging from 20.0% at Amaeze, Iheakpu, and Orba to 26.3 % at Owerre Eze-Orba. The results further indicate that 7(35 %) of the total study communities (n=20) fulfilled the parasitological threshold definition of high-risk communities (≥ 20% microfilaraemia prevalence) for adverse reaction post-ivermectin treatment. Other communities (n=13), (65.0 %) recorded microfilaraemia prevalence < 20% implying that community-directed ivermectin distribution could be conducted with considerable safety. Generally 18 (90.0%) of the study communities were of low L. loa microfilaria endemicity (≤ 25.0% mf prevalence) while 2 communities (10.0 %) of study localities were of moderate L. loa endemicity (25.0 -34.9 % mf prevalence). 
Factors for Predicting Loa loa Infection
Figures in parentheses are 95% confidence intervals.
1.12, 95% confidence interval: 1.00 -1.14, p < 0.001). No such association was found for sex (adjusted odds ratio: 0.04, 95 %) confidence interval: 0.03-0.09, p < 0.01) although more males (n = 203, 12.7 %) than females (n = 109, 6.8 %) were microfilaraemic from the population. Table 3 shows the distribution of L. loa microfilaraemic individuals and the mean intensity of the positive microfilarial loads for each of the 20 study communities. The inter-community mean intensity of microfilarial load varied from one community to another (range 112 ± 25 ─ 235 ± 30). Among the mf -positive respondents at Nsukka and Obollo -Afor, mean mf -intensities of 185 ± 27 and 205 ± 30 were recorded respectively. Although wide variations in the mean mf intensities were recorded generally (range 58 mf/ml -182 mf/ml), the intercommunity mean mf intensity difference was not statistically significant (p > 0.05). The diagnostic performance of the L. loa assessment indicators is shown in Table 4 . All the assessment indices showed good sensitivity (the probability that a truly L. loa microfilaraemic individual will test positive (range 80.0% -100%), and specificity, (the probability that a truly uninfected individual will test negative (amicrofilaraemic), (range 55.0% -94.6%), and specificity. Reported history of the transient Calabar swelling was relatively low at 55.0% (range 38.8% -71.4%). The best diagnostic performance was obtained for the reported history of eye worm confirmed with the photograph of L. loa across the conjunctiva which had a sensitivity of 100% and a specificity of 94.6% (range 63.7% -98.8%).
Comparisons between the interviewees" responses and their L. loa infection levels further revealed that the reported history of Calabar swelling of 7 days duration was a better predictor of L. loa infection (sensitivity, 90.3%; specificity, 75.7%) than the reported history of Calabar swelling alone.
The results indicate that the assessment indices based on simple questionnaires could be used to predict L. loa parasitological prevalence, and hence the risk of severe adverse reactions associated with ivermectin treatment in onchocerciasis control programme. The result further indicates that individuals infected with L. loa more often reported L. loa migration across the conjunctiva.
The result of the logistic analysis, carried out at the individual level to assess potential predictors of the association between L. loa infection and the reported symptoms is shown in Table 5 . Reported history of eye worm and transient oedema of 7 days duration were identified as the symptoms/signs with the strongest association with L. loa infection at the individual level with adjusted odds ratios respectively as 1.48 ( 95% confidence interval: 1.32 -1.68, p < 0.001 ) and 1.34 ( 95% confidence interval: 1.12 -1.55, p < 0.001 ). No significant odds ratios were found between L. loa infection and sensitivity to light or nausea.
DISCUSSION
Although it has been established by earlier surveys that the most Loa loa endemic communities in Nigeria are located south of latitude 6ºN (Udonsi,1986; Arene and Atu, 1986) , the present study further indicated that the disease was well known in the ecologically homogenous communities of the guinea-savannah belt north of latitude 6ºN. The result therefore confirmed earlier reports (Ufomadu et al., 1991; Akogun, 1992) .
The results obtained based on the questionnaire determinants of L. loa infection and morbidity indicate that while most of the study communities had no local terminologies for the transient L. loa-induced Calabar swelling, a substantial number 104 (6.5%) of the respondents (n= 352) positively indicated having experienced the oedema while 248 (15.5%) had actually reportedly experienced the infection The result further showed not only that loiasis is endemic in the study communities but also established a total prevalence of 22.0% (Table 1 ). The prevalence obtained was considerably lower than the WHO-recommended ≥40% threshold for identifying communities at high risk of L. loa-induced adverse reactions postivermectin treatment, indicating that, based on the questionnaire indices, ivermectin distribution for onchocerciasis control programme may be safely conducted in the study communities. The result indicates too that questionnaire predictors could be employed as useful tools in the rapid assessment of L. loa infection. Loa loa microfilaraemia affected, to varying degrees, respondents of the different ages within the scope of study and appeared to be age-dependent (Table 2) . Thus, respondents aged 15 -49 years showed higher L. loa microfilaraemia rate (91.0%) than individuals aged ≥50 years. The result was further validated by logistic regression indicating the infection with L. loa was significantly associated with age (adjusted odds ratio; 1.12, 95% confidence interval: 1.00 -1.14, p < 0.001). The age-dependent feature of the infection may be attributed to the degree of exposure to the bites of the haematophagous female tabanid vectors by the active segment of the population in endemic communities with the risk of exposure decreasing with age as more protective clothing are worn by the less active-aged individuals.
The overall microfilaraemia prevalence of 19.5% established differs from the result obtained in the selected villages of Cross River State where prevalence ranging from 0-1.7% (median prevalence 1.5%) were obtained (WHO/TDR, 2001). The mean intensity of the community microfilaria loads showed much variation (range 112 ± 25─235 ± 30) with the urban and semi-urban centres recording low mean microfilarial intensities among the mf-positive respondents (Table 3) .
Although wide variations of the mean and median community microfilaria intensities were prevalent in the rural community setting (range 58 mf/ml─182 mf/ml) of blood, the individual microfilaria load was very low (5.24±15 mf/ml) and substantially less then the 8000 mf/ml threshold above which severe adverse reactions may be anticipated. The result corroborates that obtained using the questionnaire indicators and implies that severe adverse reactions may not occur in individuals in any of the study communities.
The diagnostic performance of the questionnaire indices (Table 4) indicates that all the factors showed good sensitivity and specificity, while the negative predictive values were generally high. These high negative predictive values could be attributed to the absence of other confounding factors in the L. loa microenvironment. The overall performance of the questionnaire indices appears to provide a positive indication that the simple questionnaires could be used as determinants of L. loa prevalence in endemic communities. At the individual level, symptoms and/or signs with the strongest association with loiasis morbidity were the reported history of the eye worm followed by the history of the transient Calabar swelling. The result is in conformity with those of a multi-country study in which L. loa infection and morbidity were associated with oedema lasting for 7 days (WHO/TDR, 2001). f f f f Implications for Onchocerciasis Control: Good quality diagnostic tests that are fit and provide accurate results are of paramount importance in reducing the burden of infectious diseases. The lack of access to good quality diagnostic tests for infectious diseases contributes to the enormous burden of ill health globally. Recent technological developments have led to the proliferation of new rapid diagnostic tests that hold promise for the improved management and control of infectious diseases. A confident diagnosis can sometimes be made on the basis of clinical signs or symptoms. In settings where access to diagnostic laboratory services is limited, the use of questionnaire tools has been in practice.
In loiasis many individuals do not present with microfilariae in their peripheral blood yet may prove to be infected because of previous history of subconjuctiva worm passage.
The use of questionnaire to screen communities at high risks of L.loa microfilaraemia and morbidity and subsequently to identify areas where serious adverse reactions may occur post-ivermectin treatment for onchocerciasis control has been highlighted in this study. The use of standard questionnaires have been successfully employed in parts of Africa to screen for infections due to Schistosoma haematobium with diagnosis at the community level as the main objective (Langeler et al., 1991; Ekwunife and Okafor, 2005) . The use of questionnaire is therefore a promising alternative to the current invasive, and time-consuming parasitological methods. The methodology appears faster, less expensive and can be easily adapted for use in rural settings where efficient and adequate conventional parasitological diagnosis may not be readily available. The onchocerciasis control programme will get a boost in coverage.
